Copy of Prior Art 

Patent Document 4 
Japanese Patent Publication No.05-299973 



(i9)0*s*5i^ir (jp) (12) ^ il^ 11= ^ ^ (A) (ll)«F»aira5^M#^ 

#^^5-299973 

(43)£^§g B 5 ^(1993)11^ 12B 



(SDlntCl.'^ 
H 0 3 H 17/02 



H 0 3 M 3/02 



A 7037-5 J 
L 7037-5 J 
D 7037-5 J 
8522-5 J 



F I 









O00OOS223 










(22)miliB 


^fiE 4 ^(1992)4^178 




1 im>i l*$m*laE±4^Ea'^'lol5»i& 
















imi 1 iit«mfMS±/hBai'ioi5#itb 
























»^jiimjii«fm*sE±/iNffli'ioi5sife 
















MS S 






















C74)f<;aA 





(54) [^91015:615;] ff^-S'a >7 ^^l'^' 



(57) immi 

;b ^ ic M niK^^tiiJM i: fg?^fttt;^;{t* a 6^ i: f 

So 

4 {go;g«g£D ^ P ^7 ;&tf-iaf ss 1 Rtf ^ z<oti'^y 
7-c;b^r^g;g:2-9-'r^';WT%-pfdS, Kft^f^fSC 



12 



11 



■13 



1 



5-299973 

2 



immm 11 ^-^ ^-9- > u > ^'mmmic y v • ^ 

«riS^-rS^S[l53£gP (1 1) 

Biff e^-'' ^-y- > :/ u > ^'"jii 4 <g<7) isffio ^7 p * . 

(2 4. 2 5) (Dtti:^*3SStcS«?L, ^»?tti:^fe:S 

a? (1 2) fc, 

M^m^^gp (12) .fct)C0^iaci;tulB^gSli9;^gp (1 

•rsss^gp (13) i;^wL, mmy^)\^d''im^A^ 

y :/-rofT* c: i: ^rltSJ i: r S f'i^ — > a > 7 -< ;!/ 
[000 1] 

[0 0 0 2] 2m^'^vy^Y—y;v^m^^rcMy5\^G 
H (2-) =1 } 



-jv<D'f^'j9Mm^^ms.mmcim'^ti: (s/n) 

[0 0 0 3] C:(D:t-/^-9->>^U>y — ■ 

\C^^X'{kT•i'^X'r^'^^y^)\y7'—^t^^t]•^^^^ CCD 
[0 0 0 4] 

[SejISOSW] EI4at¥3|5<0f='v';>«-'>3>'7-f';l/^f£0 

wi^D^ifig^^^^fo mm<p. A'>>^4 ii Rtf4 1 

2 . ^^BHao.- h (ALU) 4 2i &a*4 22 . 0^ 
[0 0 0 5] CCT% i^g V^-i-^V^Jrtaift:;^ 

[0 0 0 6] 

mil 

= :z:^Ci z-'*' (1) 



[0 0 0 7] N iNSnOSia 

c:CTZ-J=exp {2 ;r j f / (n • f s ) } C j : jl^SC 

n : ^^--/^-y-VT'y >yi:b Cj (DMit^lt. 

fs : •9->':^U>'^U-h 

Cj -Cj-1 =J (j^N) (2) 

Cj -Cj-1 =3N-2j (N+l^j<2N) (3) 

Cj -Cj-1 =J-3N (2N+ 1 <J 23N-2) ' (4) 

li Rt;4 l2 ^0W:^O± 1. -2figco$ijm]tCci:D 40 m fs^SOkHz, U ^^'Irfc n "19 

±12 (2) , (3) RZS (4) ^^^3KT'^^o ^*5> - 2 " i:L/c^-&> :i—^^^>''fV>^^mi&m±}5.3G M 

i:}^y^4 I I RZf4 1 2 coihttf^t } Tmt>^n^o Hz (=8 0 kH 2X192 ) Se5l50-r->;)< 

[0 0 08] tfc. 041^. mW^4 4i ;5^I>M 42 , —lyByy^^V^ltZ^^mSmttitia i ;bM5.36 MH 

iipgg§4 5i &t;4 52 , z^^Ai— ^ (Acc) 4 zmicxtj-^n. Huts (i) - (4) ^^com^N^^m 

bTl/^^So iSggPS OtiS/^^x- • 7=^;U:^ (ZA) Hingis T> n-/^x:7 >f -^-^yj^^'U- 

^OtfcS:;^a i a@ti±l. i iiBtPa^) i:. fl^^fg^SM 0 h 8 0 k H z cDiSS^t-r^ >?^;l/-r-^lc^g|LT A C 

cfcOcOil^ISC i i:Ofc/c:^ji^iS®:&tT;S:U\ ACC 4 C 4 62 ^^ailir^o 

62 ci:*9 A/D^}^{I^^tB:^'r^o [0 0 1 0] [^5ti^4<^fie3fec07='>^;?«— 

[0 0 0 9] mBLtc'f'^iy^MllXmf^&^^mcom 50 :^iOt5?-l'Af--v-h*^'ro 05 (A) liSOkHzCO 



3 



(3) 



^mW-S-Z 9 9 9 7 3 

4 



a i tC-a-t^^iTlS.ae MH zTi!j{t*r^rci6. 80kH 

[00 1 1] y^?V^(D^yym^ZS6 (=3 

N-2) T*fe§*^€>. :7-<;l/^ai[^$5;^.^$TtC8 0 

>y >( )\y^X^\itil^>^ 41i . ALU421 , -6^ 

CC4 6i cfct);5:^:/n^y ^ 1 (B) icli^e^ti: 

^fioK 1—192 ^^y'f(Dmw^n^\^\ "tcomi^m 

l/^T. -^^^^4 7*«t)mT;d'>>i5f 4 l2 . AL 
U 4 22 . ^S]^>?X^ 4 32 . ^SE§§4 42. iPSCS 
4 52 StfACC 4 62 cfcOJ5:^:/a^y^2T[H]|l 

(c) ^c^isw^c^^■r^^o< 193 -286 ^ T'cT^igg^tT 
3ea^ACC 4 62 cfcoaii^-r^o 

[0 0 12] 

$>o. i^rc\5. 36 MHz mco-^i^^mt&mT^sbi'^^'^^rc 
[0 0 13] :$^mm±m<Dmcm^rrj:i^nrc^<D 
— > 3 ^ ^ jffli-r ^ c ^ % a 6^ ^ -r 

: ai* 
=Cj 



[0 0 14] 

^^^xtimmcMLxm^oy ^ jv^mw^n^^\^\ 

10 [0 0 1 5] CCT% ^S^S^gPl litmmXiim^cD 

[0 0 16] mn^l 3 ti^g^fg^gP 1 2ci:DO«^^ 
SiS^^^gpi 1 ci;t)cDSS(^^^»U. 

20 [0 0 1 7] 

[f^ffl] ^^m(o^-y:^—i/Byy>()V^{t3m(D<L 
my^ji^^w^^^LT^^. Bmmmmm cos 

Ta^^^^o CCDv'iy^^—iyByy^jV^COA^y:/^ 
(Dmmimm (2) , (3) RXS (4) Sci:DtXTO<fc 



(j ^N) 
(N+1 ^2N) 



(2N+1 

<3N-2) H 

+ (-31+34) 

clCT% ai . 32 . 33 , 34 irtZ l^^m^ttitjX 

^^Xtiin^ (15.36MH zTJligSLrcfflt?) 
j = 4m+3 {m^mW 

(5) (7) ^iti^^-rni^mimti^mmcj (a 
1 +32 +83 +34) ^mmLfcmv^^o. m2m<D 
m^ff^ (- 231-32 + 34 ),ig3 mcD^nf^"^ (- 

31 +34 ) Xti2 (-3 1 +34 ) 7?fc^o CC•e^ 
(31 +32 +33 +34 ) t (— 2ai —32 + 

3 4 ) l^tXtlM^a) -34 Ofi:^)^+ 1 XCi- 1 Tfe^ 

i^-rnt>±4. ±2&t;oo^*n;b^coM^^t). 
[0 0 18] ^/c (5) ^i: (7) ^(o^mmsmo 

(-.31 +34 ) it±2X(^tOX$>0. (6) ^C7):&3a 
m3^c02x (-ai +34 ) ti±4Xti:0TfeSo 



Cj -2J-1 +32* Cj -J +33*Cj +34* Cj +j + l 
(ai +32 +33 +34 ) +J * (-2ai -32 +34 ) + (-31 +34 ) ( 5 ) 

31* Cj -2(3N~2j)-2 +32* Cj -(3N-2J) +a3*Cj +34* Cj 
+ (3N-2j)+2 = Cj *(3i+32+33+34) + (3N-2j)*(-23i -32+34) 

+2* (-31 +34) (6) 

31* Cj -20-3N)-l +32* C J -(j-3N) +33* Cj +34* Cj 
+ 0-3N)+l =Cj *(3i+a2+a3+a4)+(j-3N)*(-2ai -32+34) 



50 



(7) 

^•->^^:^7Vh }£yh (LSB) 
0±iE<D (31+32+33+34), (-2ai-3 

2 + 34 ) . (- 3 1 + 34 ) Xti2X (-3 1 + 

ai ) (Dm mm ^?g^L. -yj. ^^^^st^i 2x 

±I2C0 (5) - (7) ^(Di^MCj . j. (3N-2 

J ) RU (J -3N) ^fg^b. ^ne^isaspi 3tc 
^ mnt'^ 2 -y-^ ^ ^vcomwic ^ k> m^^x^ s c ^ % 

[00 19] 

immm] m2it:^mm-'mmm(omjm^7f<to ^ 

m2\C^\.^X. 7U ^^y^O-yy (F F) 2 1 1 , 2 1 

2. 2 i3 ms2 i4 ^fEx^imm&m^tix A&.(Diy 



(4) 



5-299973 



[0 0 2 0] :7U»yy:7D^y:/2 li — 2 l4 ^K^^^ 

^n. CCTffifS (5) - (7) ^PfiiO (ai +82 + 
a3+a4 ) , (— 2ai — aa +a4 ), (— ai + 
34 ) (-ai +34 ) c^^lBtC-rn-K^^n/c 

f^. Ui^X^ 2 3 IctmtEtl^o \yV7.9 2 3 (i:±fBcO 

[0 0 2 1] *:^jEfS0lJ{i:fi£*h|W]1itCl5.36 MHzTiS 

(J ^N) (om 



10 



6 

[0 0 2 2] ^a?§^gf5l 2ti^lO:^^>^2 4, ^ 
2 6. •feU^i5?2 6 0ta;^tCftS!(4Xti8«r^g-rS^ 

^i§2 7. m^m ri oj xfi r2 oj tmm^2 kd 

(ALU) 2 9, fi^»l^S/'Xi5?3 0St;3 1, ^LT^ 
^1^>^'X^3 0Rt;3 li7)tB:;^jO-73^ALU2 9 
*S'ri»-feU^i5?3 2<t0^^o 

[0 0 2 3] C(7)«^3SS|^g(5l 2ti:t5fa (5) - (7) 



Cj+4 - Cj =C4n+7 -C4n+3 = (C4n+7 -C4n+6 ) + (C4n+6 -C4n+5 )+(C4n+5 -C4n+4 ) + 

(C4n^ -C4n+3 ) = (4n+7) + (4n+6) + {4n+5) + {4n+4) = 16n+22=4j+10 

(8) 

C>4 - Cj =(3N-2(4n+7))-h(3N-2(4n+6)) + (3N-2(4n+5)) + (3N-2(4n+4)) 

=12N>32n-44=4(3N-2j)+20 (9) 
. (2N+l^j ^3N-2) 

Cj*4 - Cj =(4n+7-3N) + (4n+6-3N)+(4n+5-3N)-»-(4n+4-3N)=16n+22-12N=40-3N)+ 



10 

•trlx^^2 8tcA;b^nsS^fii ri OJ it (8) 

TS (10) ^^(D r 1 OJ T^o. r2 0j it (9) 
(D r2 OJ -efe^o 

[0 0 2 4] ftSfflSl 3t*^^il2 7, ^3^U>^X^3 

^-feU^i$f3 3^. -trb^iJ^S 3cDth:tl<I^S{^l^v/*X^ 
2 3J;t)<O^S[h^ms-r^saitg3 4^. in»§g3 5 

(ACC) 3 6;!§^tf 3 7 A 1^-:$? 3 6 S:^/ 3 

^t5^3 8i:cfc*3;Q:§o c (Om^gp l 3 tietfl B ( 5 ) - 

[ 0 0 2 5 ] :^^tC N - 9 6 ^ bfc^^O^HSSCT^Olftf^ 

13 3 (A) {ii^ggpi 3 J:Dm;b^n^7=V>^^ 
^;l'«-^<r)'9->'yu ^^''U- hTfc^l) 8 0 k H z 

•To ;^»>>^24ti 80kHz <D—mm(0m^(Dmmv 

^ms (B) ic^.rm< j (=4m+3) :&ai;^jL. m 

^comiTii: (3N-2J) /2^ai;^j*r^o 

2 5i±8 0kHz(D-mm<Dwi^<Dmmr*(tm3 (B) 

[0026] :^'i7>'i5?2 4^1/2 5lt^^\5.3B MHz 

coi/4 teco/^issi (^-/^■tf>'yu>^/^^c7)4{g^o;§' 



50 



(10) 

ttK^>hTy^{^T\^^<o fcfcL. SOkHzO— j! 

<Dm^(omx&'DX. wmmift3 (=4x0+3) r^^ 

t)s :^'>>^2 5*^e>mt;^n^ J -3Nfi2N+ 1 < 
J S3N-20^^0fiiT$>oT. ?;jWfitti3-N ( = 
2N+3-3N) T-fe^o 2 4:^)^^ffl;^f 

(3N-2 j ) /2ti:j ;^^N + 1 ^ j <2NO^ 
^iOfiiTfc^o 8 0kHz tDSSS8cOtu*T*fi±fgL/'c 
cfcdlC. j ^NcOgP^^ 2 N+ 1 ^ j <3N-20gP:^ 
c0 2 0co:7-<;l/^i^a£^tT*'9;(3^ ^<D/ci6tc-bl^^i57 
2 6tca:t)15.36 MHzO-tlyi/ hmmc^Otl^>^ 

2 4RXJ2 5(D^tiit}mm^^^mcmiRLxmw^2 

7 mi^C'ik^<Dm^iyi^7s^ 3 OStf 3 1 

^-h^^mmCj ^M^ttiLT> Cj^ (8) S&tf 

(10) ^COmmmW^n^j:\^\ ^^<D%WL\yiy7.^3 

0. 3 ncMi^bfc<i^ac>4 ^mto 

[0 0 2 7] -r^t^-^. -trb^^ 2 6/)^^«^0tb^nfc 
:^^7>i5?2 4(Da:J:;^;j immm2 7 TM ^^nfdg-fe l> 
^^2 S^aLTA L U 2 9tc#t$&^n/ctg. -trU^^ 
2 8<fc0 ri OJ ;6^iltR^nTALU2 9tC#^$&^n> 

c:<:T^I15ig^$n/-c^. «iSbi^*Xi$? 3 otcti (8) 

^T«t)^n^c (4 j + 1 0) ^bmLrcim^m-^n 

[0 0 2 8] 2 6:6>e5i'9ttl^n/c;0'>> 

^2 5<Dititj (j-3N) itmw^2 7X4is^nrzm 
-feU^^?2 B^grilLTA L U 2 9Jc««e^n/S:tg. -trl^ 



{7^28^0 ri OJ 36^S^;^nTA LU2 9tC#t*&$ 

(10) ST*^t>^nfc {4 (j - 3N) +1 0} ^tum 

[0 0 2 9] ±ieiOcfc'5tC. (8) (10) SCO^S 

ti::^'>>^2 4, 2 5, ttJtf j , (j-3N) (DA^<D 

hmt. r+ 1 OJ coin»£0 2"9-^:J7;i/ (15. ae mh z 

2 8, 3 2tCckO«t)g5>l6nTtT^^n^;b-e>. igg 

^7)/ci6cOlHl^ (2 7, 2 9) ^ttffl-r^C^jb^T^^So 
[0 0 3 0]:^^tC. 8 0 kH zO§MIfflC0tt^Ttill3 
(B) tCS^Lfccfc-ptC. N+ 1 ^ j ^2 N<7)gP5i^cO 10 

m:;^ (3N-2 j) y2ti^^\y^^2 6^m\^rmw^ 

2 7T8{S^n/ctt. -trU^i$?2 8^ilLTALU 2 9 

LU2 stcH^fii rz OJ ti^xti-^n^o 

[0 0 3 1] cniCcfcO. «iSU>^X^3 0tC(itul2 20 
(9) ^Tmt>^tl^ {4 (3N-2 j ) + 2 0} :^i}U 

fifoT. CCO^^ti:;^'>>^ 2 4C0m:^ (3N-2j) 
/'2(OSiBcOj]UMt. r+2 0J (Dj}UM(D2'^'^^;UX- 

3 1 titm±Lri^^o 

[0 0 3 2] ±fgO<^S(b>^X^3 0&t;3 1. Rzsm 
mj^t>n^o ^"f. -blx:^7^3 3(i:l5.36 MHzO-fe 30 

8 0kHz (D^mmcom5^^(Dmmr* 

ti:t5aiU/cct'9tc<)^Sb>^X^ 3 0, 3 1<i:t) (8) 

(10) ^(D^iMWi^^^^^Dm-ro 
0*^^O (8) SiOi^SS3m^S«LT^Sg§3 4tC« 
«eLTU>?X^2 3<i:DtOSSS[ (ai +32 +33 +a 

4 ) hi^n-^^. •t:L-^^3 8^aLT^f ?)n^ACC 
3Q(Omh. *Dgf§3 4 tC<fcoT*DS:L> SS^^A C C 

setc^JOiityo ^@§g2 7 <J: t)<^M4 j ;^i/4 

n^) Lfdaj ^igS?LT*W§§3 4tC«J^LTl-v^X 40 
i5r23cfc^)OSa (-2ai -az + a^ ) tmWl^. 

AC c 3 ecofi^ipg^Hi:. SSM^ACC 3 etcgsoa^ 

C^o ±K2lHlOSpg:corBltC (~ai +34 ) ^LSBffliJ 

(5) S(Daic^tc:cfc57-f;l/^}«S[*S^*M#6n§c 
[00 33] ^V^T. ^ 3 3\C^K>%m.\yiy7.^ 

3 l:6^etO (10) ^^Oig»Sm*^3MtR$n/c?^. ^ggg 
27J:D<D4 (j-3N) ^1/4 figUZ-cfil ( j - 3 N) 
^jM^LTSet§3 4(c<fc(?|[H:^(cm^o^^ (31 + 

32 +33 +34 ). (- 231 —32 +34) il^W 50 



mmW- 5-299973 



^•<i-ACC3 7^^3i'rSo CC>^. (-3 1 +34) 
^hSBmt^^^\^)htS^}l\ZXK>. (7) 3S07^;l/ 

^iiis*sm*ucc 3 7tc^Dii^n^o 

[003 4] ilCT% ACC 3 6. 3 7ti:ML. -gF^Scl^ 
>^X:$f3 0. 3 ltOtb:tl^^lS<^ (ai +32 +33 +3 

4 ) ^mm^^mMt. mw^z icomtim/A 
(- 2 31 - 32 + 34 ) ^t^i}m't^mM\c{t2-^ 
^^?vir'of3^^z^mr-$>^rcib. ms (o ircm^mz^- 
•riin< 8 0 k Hz(D^mm(Dm^(DmrBnT^it (5) 
(7) ^commif^2^^^;iyr^^M{c^^jt^t>nx±^ 

^c^^^^;5:V^o ^fc. ±fBcOS2^tY^;l/(7)JSi[(i325 
tc?f^^n^;b^?). ill»^Ofca6cO[H]?S (3 4. 3 5) ^ 
«ffl-r^C^;()^Tt§o ^X(OS 0 kHz (D^mm(Dm 

(9) ^(omn^Mt. mn^z KOH^ti^i/A «u/c 

M (3N-2J) t^m^U ±M5tmmifCLT2'^-f 

^/i/ois^jCctoT. 03 (c) icm^mc7jkirm< 

(6) S'^:7^;I/^ig&13:^:0^AC c 3 etcs^t^ii^n 
§0 'tLTm< Z^^ ^;VTHm&tif^W±^tl^o CCD 

8 0 K H z (D^mm<D^^^xit. y ^ jiy^^^t^omMm 

[0 0 3 5] cocfc^tc. ^mmm\cj;:nis. 
u >^'mm(D 4 {soffip^Tag!LTA:^^n§ 4 o 

CO2 A^|@gim;b3i --34 #ffl"e> 8 0kHzO&jf 
fflofij^iDmiTfi (5) ^Rlf (7) 

/^-y-^yu >^iS^C0 2fSom!-ro3^StcS 
8 0 k H z CD«^WC0tt^(7)«^F^Tt* (6) SO 

y^?\y^mw^^-^^-^>^v>^^mmcDziS(Dm?Bm 
m<:t-^'^'^:yzfv >^*mm(ozis<Dmmim{'^ 

-r;l/^MS^tJe*O^^TtT:&oTl5.36 MHz*>P>-9- 

> h;6^ 8 0 k H z tcffiiS^nrcx^r 
(t^^ ^ c ^ §o 

[0 03 6] 

[HlffiCOffi^J&gjB^] 

[0 1] 2ls:?8B^tDil?l:7a»;;^iaTfe§o 

[0 2] i^mm-%im\<j^m^mrQ^^. 

[0 3] 0 2OS&im0^ffl:$?'YA^-V-hTfe^o 

[0 4] fie*of'>'^-i^3>:7-<;i/^o— <5ij(7)<i^0 
[0 5] mA(om\'^mm^-( i^^^-vx^^o 



(6) 



1 1 mmm^^ 

1 2 ^M^^^ 

1 3 SISfflS 

21i~2l4 7U -yy^n-yy (F F) 

2 2 

2 4, 2 5 



5-299973 

10 

2 6, 2 8, 3 2, 3 3. 3 8 -bU^^ 
2 7.3 4 ^Sfi 

2 9 g^n^iia- -y h (ALU) 

3 0.31 m^lyi^X^ 

3 5 iraMcgl 

3 6, 3 7 (ACC) 



12 

























> 






If Ba¥ 5-299973 



.-12 



ai (±1) 



24 



— rz 



SEL 

— r 



] — 

26 



25 



■\O3U3tt20 



V 



— c 



27 
1^ 




SEL 



E -I ALU 



I 



28 



29 



HS^REG 

T3 



1 C 



31 



30 



SEL 



38- 



.'13 

33— -n 



±A,±2,0 



34 



ADD 



35 



36 



ACC 



37! 



ACC 



(9) 



^mW^5-Z 9 9 9 7 3 



14] 




/ 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 05-299973 
(43)Date of publication of application : 12.1 1.1 993 



(SDlntCI. 




H03H 17/02 
HOSy 3/02 




(21)Appncation number : 


04-097988 


(71)Applicant : 


FUJITSU LTD 


(22)Date of filing : 


17.04.1992 


(72)Inventor : 


KOIZUMI NOBUKAZU 








TSUNOISHI MITSUO 


r 






AWATA YUTAKA 



(54) DECIMATION HLTER 
(57)Abstract: 

PURPOSE: To attain a circuit scale reduction and a low power 
consumption, in a decimation filter used for an over sampling sigma 
delta modulation type A/D converter. 

CONSTITUTION: A coefficient generator 12 switches the outputs of 
the first and second counters which count the clock of a cycle four 
times as long as an over sampling cycle, by each over sampling cycle, 
alternately operates the update arithmetic operation of two 
coefficients by every two cycle in the first half period of each cycle 
of a sampling rate, and operates only the update arithmetic operation 
of one coefficient in the second half period. An arithmetic part 13 
alternately operates two filter arithmetic operation by each two cycle 
in the first half period of each cycle of the sampling rate, and 
alternately repeats the processing of operating one filter arithmetic 
operation in two cycles, and stopping the operation, in the second half 
period. Thus, the filter arithmetic operation can be attained for each 
four tap. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The decimation filter which is equipped with the following and characterized by performing the four taps of 
the aforementioned filter operations at a time and which outputs the output signal which performed the predetermined 
filter operation to the input signal inputted from a sigma delta modulation machine for every over sampling technique 
period, and fell to the necessary sampling rate. The multiplier setting section which sets up a multiplier per four input 
signals which continue among the aforementioned input signals (11) The coefficient generating section which chooses 
by turns the output of the 1st from which Initial value differs mutually, and 2nd counters (24 25) which carry out 
counting of the clock 4 times the period of the aforementioned over sampling technique period, and generates the 
coefficient of the recurrence formula of a filter operation based on this selection output (12) Operation part which 
carries out the multiplication of the coefficient from this coefficient generating section (12), and the multiplier from 
the aforementioned multiplier setting section (11). accumulates the multiplication result further, and outputs the 
output signal of the aforementioned necessary sampling rate (13) 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this Invention relates to the decimation filter which is applied to a decimation filter especially 
is used for an over sampling technique sigma delta modulation type A/D converter. 

[0002] In the digital subscriber sHine transmission interface device of bidirectional transmission using 2 line metallic 
cable, In order for advanced echo cancellation and advanced waveform equalization to realize bidirectional 
transmission, a highly precise A/D converter is needed. As this A/D converter, since the digital signal of 1 bit of 
quantization numbers of bits is outputted with a good signal-to-noise ratio (S/N), by [ of dozens times to hundreds 
times of the highest frequency of an information signal (analog signal) ] sampling by the high sampling frequency 
extremely, a wide band is made to distribute a quantizing noise and the over sampling technique sigma delta 
modulation type A/D converter to which it was made to reduce the noise density in a signal band seemingly is known 
[0003] A latter decimation filter removes the unnecessary high region noise in the output digital data by which over 
sampling technique was carried out, a sampling frequency is reduced even to a necessary value, and digital data is 
made to output in this over sampling technique sigma delta modulation type A/D converter. It is required that circuitry 
is easy for this decimation filter, and there Is little power consumption. 
[0004] 

[Description of the Prior Art] Drawing 4 shows the block diagram of an example of the conventional decimation filter. 
The inside of this drawing, and counter 411 412 And arithmetic and logic unit 421 (ALU) And 422 and the coefficient 
register 431 And 432 The coefficient generating section 40 Is constituted and It Is coefficlent-C j by the method of a 
recurrence formula. It generates. 

[0005] Here, the high order low-pass property is demanded of the decimation filter, and the radial-fin-type-filter 
property which is usually three steps is used for it. The transfer function H of three steps of this radial fin type filter 
(2-1) becomes like the following formula. 
[0006] 
[Equation 1] 

[0007] 

It is here and is Z-1=exp. {2pijf/(n-fS)} 

n : over sampling technique ratio fS : Sampling rate N : Integer Cj of N<=n : Coefficlent-C j Recurrence formula 

Cj-Cj-1 =j Cj<=N) (2) 

Cj-Cj-1 = 3-N-2j (N+1<=j<=2Ns) (3) 

Cj-Gj-1 =j-3N (2N+1 <=j<=3N-2) (4) 

Therefore, counter 41 1 And 412 A load value and counter 41 1 And 41 2 The above (2). (3), and (4) formulas are 
realizable with **1 of an output, and control of - double precision. In addition, counter 41 1 And 412 An output is 
expressed with j. 

[0008] Moreover, the inside of drawing 4 and a multiplier 441 442 And adder 451 452 And accumulator 461 (ACC) And 
462 And the selector 47 constitutes operation part 50. It calculates by operation part 50 collapsing as the output ai (a 
value being **1 and i being time) of the sigma delta (sigmadelta) modulation section, and coefficient-C [ from the 
coefficient generating section 40 ] i, and Is ACC462. An A/D-conversion value is outputted. 

[0009] In the example of said digital subscrlber's-line transmission equipment Necessary sampling rate fS (sampling 
frequency) When 80kHz and the over sampling technique ratio n are set to "192", Since over sampling technique 
frequency serves as 15.36 MHz (=80kHzx192) As for the conventional decimation filter, the output ai of sigmadelta 
modulation section Is inputted every 15.36 MHz. the integer N in above (1) - (4) formula by for example, transversal 
composition of drawing 4 set to "96" Low pass filter processing is performed, and it changes into sampling rate 80kHz 
high precision digital data, and is ACC462. It outputs, 

[0010] Drawing 5 shows the timing diagram of the conventional decimation filter of drawing 4 . Drawing 5 (A) shows a 
80kHz sampling rate. Here, operation part 50 is 192 to a 80kHz round term, in order to operate by 15.36 in all MHz to 
Input ai. The operation of a time is possible. 

[001 1] However, the number of taps of a filter is 1.5 [ 80kHz ], by the time it finishes a filter operation, since it is 286 
(~3N-2). It is the periodic need. For this reason, with the conventional decimation filter, they are a counter 41 1, 
ALU421, the coefficient register 431, a multiplier 441, and an adder 451. And ACG461 As the becoming block 1 shows 
to drawing 5 (B) typically, it is 1-192. A tap is calculated. After that succeedingly. a selector 47 is switched and they 
are a counter 412, ALU422, the coefficient register 432, a multiplier 442, and an adder 452. And ACC462 As the 
becoming block 2 shows to this drawing (C) typically, it is 193-286. A tap is calculated. It is ACC462 about a result. It 
outputs. 
[0012] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional decimation filter, since 
the operation cycle Is Insufficient, the 2 blocks of the same arithmetic circuits are required, a circuit scale Is size, and 
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a circuit scale's being size in order to mak it operating on high frequency, such as 15.36 MHz, and the technical 
problem that power consumption is size conjointly occur. 

[0013] this invention aims at offering the decimation filter which solved the above-mentioned technical problem by 
having been made in view of the above-mentioned point, and performing four taps of filter operations at a time» and 
sharing an arithmetic circuit. 
[0014] 

[Means for Solving the Problem] Drawing 1 shows the principle block diagram of this invention. The decimation filter of 
this invention performs a predetermined filter operation to the input signal inputted from a sigma delta modulation 
machine for every over sampling technique period, and considers it as the composition which has the multiplier setting 
section 11, the coefficient generating section 12, and operation part 13 as shown in drawing 1 in what outputs the 
output signal which fell to the necessary sampling rate. 

[0015] Here, the multiplier setting section 1 1 sets up a multiplier per four input signals which continue among the 
aforementioned input signals. Moreover, the coefficient generating section 12 chooses by turns the output of the 1st 
from which initial value differs mutually, and 2nd counters which carry out counting of the clock 4 times the period of 
the aforementioned over sampling technique period, and generates the coefficient of the recurrence formula of a filter 
operation based on a selection output. 

[0016] Operation part 13 carries out the multiplication of the coefFicient from the coefficient generating section 12, 
and the multiplier from the multiplier setting section 11. accumulates the multiplication result further, and outputs the 
output signal of the aforementioned necessary sampling rate. 
[0017] 

[Function] Three steps of decimation filters of this invention go away, it has the form filter shape, and a transfer 
function can be expressed with the aforementioned (1) formula. The operation for four taps of this decimation filter is 
summarized as follows than the above (2), (3), and (4) formulas. 

0<=N) :a1* Cj-y-1+a2* C j-j+a3*Cj+a4* Cj+j+1 =Cj *(a1+a2+a3+a4)+j*(-2a1-a2+a4)+ (-a1+a4) (5) 

(N+1<=j<=2Ns) :a1* Cj-2(3N-?j)-2+a2* C j-(3N-^)+a3*Cj+a4* Cj + +2 = C j *(a1+a2+a3+a4)+(3N-2j) * (-2a1-a2+a4) 

(3N-2j)+2*(-a1+a4)(6) 

0 [ 2N+1 <=j] : a1* Cj-2(j-3Ns)~1 +a2* C j-0-3Ns)+a3* Cj+a4* Cj <=3N-2 + +1 =C j *(a1+a2+a3+a4)+(r3Ns) * 

(-2a1-a2+a4) (j-3Ns) + (-a1+a4) (7) 

Here a1. a2. a3. and a4 Input signal which is sigmadelta modulator output (output which continued by 15.36MHz) 
j=4m+3 (m is an integer) 

(5) a formula - (7) formula — each — the 1st term — coefFicient-C j the value which carried out the multiplication of 
(a1+a2+a3+a4) — it is — the multiplier of the 2nd term — it of (-2a1-a2+a4) and the 3rd term — or (-a1+a4) it is 2 
(~a1+a4) here — a multiplier (a1+a2+a3+a4) and (-2al-a2+a4) — input signal a1 -a4 since a value is +1 or -1 — 
all**4 and** — it becomes the value of either 2 and 0. and since it is the exponentiation of 2, an operation is possible 
in 1 cycle 

[001 8] Moreover. (-a1 +a4) of the 3rd term of the right-hand side of (5) formulas and (7) formulas Is **2 or 0. and 2x 
(-a1 +a4) of the 3rd term of the right-hand side of (6) formulas is **4 or 0. therefore, this value — the time of the 
operation of the 1st term and the 2nd term — RISUTO and SIG — it Is possible to add from a NIR cant bit (LSB) side 
In this invention, by the multiplier setting section 11, then, above (a1+a2+a3+a4). The value (multiplier) of 
(-2a1-a2+a4) or (-a1+a4) 2x (-a1+a4) Is generated. On the other hand, it will generate and the filter operation for four 
taps can perform according to the operation of a two cycle by operation part 1 3 coefficlent-C [ of the (5) - (7) 
formula above-mentioned In the coefficient generating section 12 ] j. j. and (3N-^) (j-3Ns) by supplying them to 
operation part 1 3. 
[0019] 

[Example] D rawing 2 shows the block diagram of one example of this invention. The same sign is given to the same 
component as drawing 1 among this drawing. It sets to drawing 2 and is a flip-flop (FF) 21 1 and 21 2,21 3. And 214 Four 
Input signals a1 which continue among the input signals a which cascade connection is mutually carried out. 
constitute four steps of shift registers, and are inputted from a sigma delta modulation machine for every over 
sampling technique period, a2, and a3 And a4 It stores temporarily. 

[0020] Flip-flop 211-214 Input signal a1 -a4 taken out. respectively A decoder 22 is supplied. After being decoded by 
the value of (a1 +a2+a3+a4), (-2a1-a2+a4), and (-a1+a4) 2x (-a1+a4) in above (5) - (7) formula here, a register 23 
memorizes. A register 23 holds the control signal of the multiplier acquired by the above'-mentloned decoding and an 
adder, and supplies it to the multiplier 34 grade in operation part 1 3. 

[0021] Although this example operates by 15.36 MHz as usual, in order to perform the operation for four taps by the 
two cycle unlike the former, all the arithmetic circuits in the coefficient generating section 12 and operation part 13 
are share-ized, and the feature is in the point of calculating by turns, in time when two filter operations have lapped. 
[0022] The coefficient generating section 12 consists of a selector 32 which supplies one side of the output of the 
selector 28 which chooses one side of the output of the 1st counter 24, the 2nd counter 25, the selector 26 that 
switches those outputs, the multiplier 27 which carries out the multiplication of a multiplier 4 or 8 to the output of a 
selector 26, a predetermined value "10". or a "20" and a multiplier 27. an arithmetic and logic unit (ALU) 29, the 
coefficient registers 30 and 31, and the coefficient 

[0023] This coefficient generating section 1 2 is coefficient-C [ of the 1st term of the right-hand side of the 
aforementioned (5) - (7) formula ] j. It computes for every [ every ] four taps, and operation part 13 is supplied. Here, 
it is coefficient-C j. The recurrence formula computed for every [ every ] four taps Is shown below. 
At the time of G<=N) Cj+4-Cj =C4n+7-C4n+3=(C4n+7-C4n+6)+(C4n+6-C4n+5)+(C4n+5-C4n+4)+ 
=(4n+7)+(4n+6)+(4n+5)+(4n+4) =1 6n+22=4j+1 0 (C4n+4-C4n+3) (8) 

At the time of (N+1<=j<=2Ns) Cj+4-Cj =(3N-2 (4n+7))+(3N-2 (4n+6))+(3N-2 (4n+5))+ (3N-2 (4n+4)) 
=12N-32n-44=4(3N-ai)+20 (9) 

At^the time of (2N+1 <=j <=3N-2) Cj+4-Cj =(4n+7-3N)+(4n+6-3N)+(4n+5-3N)+(4n+4-3N) =1 6n+22-1 2N=4G-3Ns)+ 1 0 ^ 

The fixed value "10" inputted into a selector 28 is "10" in (8) formulas and (10) formulas, and "20" is "20" In (9) 
formulas. 

[0024] Operation part 13 consists of the multiplier 34 which carries out the multiplication of the selector 33 which 
chooses any 1 output of each output of a multiplier 27 and the coefficient registers 30 and 31, and the output 
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coefficient of a selector 33 and the multiplier from a register 23, an adder 35, accumulators (ACC) 36 and 37 which 
accumulate the output of an adder 35, and a selector 38 which chooses one side of each output of accumulators 36 
and 37, and is inputted into an adder 35. This operation part 13 calculates the aforementioned (5) - (7) formula, and 
outputs the digital signal of a necessary sampling rate from ACC37. 

[0025] Next, the timing chart of drawinfi 3 is combined, referred to and explained about operation of this example at 
the time of being referred to as N= 96. Drawing 3 (A) shows 80kHz which is the sampling rate of the digital signal 
outputted from operation part 13. A counter 24 outputs j (=4m+3), as the period in the first half of a 80kHz round term 
shows to drawing 3 (B), and it outputs (3N-2j) / 2 in the period of the second half. A counter 25 outputs j-3 Ns, as 
the period in the first half of a 80kHz round term shows to drawing 3 (B). and it stops operation in the period of the 
second half. 

[0026] Counters 24 and 25 are one fourth of 1 5.36 MHz(es), respectively. Counting of the 3.84MHz clock which is 
twice as many frequency (a period 4 times the period of over sampling technique) as this is carried out, and it is 
counted up "4" every. However, j outputted to the period in the first half of a 80kHz round term from a counter 24 is 
a value in j<=N, initial value is 3 (=4x0+3). j-3 Ns outputted from a counter 25 are a value in 2N+1 <=j<=3N-2, and 
initial value is 3-N (=2N+3-3N). Furthermore, /2 outputted from a counter 24 (3N-2j) are a value in case j is 
N+1<=j<=2Ns. Although two filter operations, the portion of j<=N and the portion of 2N+1 <=j<=3N-2, are performed in 
the first half of each 80kHz period as described above Therefore, by the selector 26, choose both the output meter 
numeric value of counters 24 and 25 by turns with the selection signal of 15.36 MHz. and a multiplier 27 is supplied. 
Furthermore, coefficient-Q [from each of the below-mentioned coefficient registers 30 and 31 ] j It reads and is Cj+4. 
Coefficient Cj+4 which performed the updating operation of (8) formulas and (10) formulas, and was updated to each 
coefficient register 30 and 31 It returns. 

[0027] that is, after "10" is chosen from a selector 28, it is supplied to ALU29. after the output j of the counter 24 
taken out from the selector 26 was supplied to ALU29 through the back selector 28 doubled four with the multiplier 
27, and arithmetic operation is carried out here, (8) formulas express in the coefficient register 30 — having had 
(4j+10) — it is stored in the added value 

[0028] The output 0-3Ns) of the counter 25 taken out from the selector 26 four with a multiplier 27 Next, after 
ALU29 was supplied through the doubled back selector 28, After "10" is chosen from a selector 28. ALU29 is supplied 
and arithmetic operation is carried out here, the value adding {4 0"3Ns)+10} expressed with (10) formulas is stored in 
the coefficient register 31. 

[0029] as mentioned above, the operation of (8) formulas and (10) formulas — the two cycle (period of the double 
precision of the inverse number of 1 5.36 MHz) of counters 24 and 25, Output j. 4 times as many addition of G~3Ns) as 
this, and addition of "+10" — since it is required, it all comes out, renewal of a coefficient is completed by the four 
cycle, and there is no opening in the operation time Moreover, since the above-mentioned operation of two cycles 
each is performed by being switched by selectors 26, 28, and 32 by turns, the circuit for an operation (27 29) can be 
shared, 

[0030] Next as shown in drawing 3 (B) in the second half of each 80kHz period, only one filter operation of an 
N+1 <=j<=2-N portion is performed. After the output (3N-y)/2 of a counter 24 double eight with a multiplier 27 
through a selector 26 at this time, it is inputted into ALU29 through a selector 28. Moreover, a fixed value "20" is 
inputted into ALU28 by switch of a selector 28. 

[0031] The value which added by this {4 (3N-2j)+20l expressed with the aforementioned (9) formula to the coefficient 
register 30 is stored, and it is Cj+4. An updating operation is performed. Therefore, it is coefficient-C j at the two 
cycle of 8 times as many addition of a counter 24 of an output (3N-^)/2 as this, and addition of "+20" at this time. 
Updating was completed and the counter 25 and the coefficient register 31 have stopped. 

[0032] It is the output of the above-mentioned coefficient registers 30 and 31 and a multiplier 27 One fourth With the 
doubled value, operation part 13 is supplied, respectively and multiplication with the multiplier from a register 23 and 
accumulation are performed. First, based on the selection signal of 15.36 MHz, in the period in the first half of each 
80kHz period, a selector 33 takes out each result of an operation of (8) formulas and (10) formulas from the 
coefficient registers 30 and 31, as mentioned above. The result of an operation of (8) formulas from the coefficient 
register 30 is chosen, a multiplier 34 is supplied, multiplication is carried out to the multiplier (a1+a2+a3+a4) from a 
register 23, it adds with the value of ACC36 obtained through a selector 38, and an adder 34, and a result is 
incorporated to ACC36. next, value 4j from a multiplier 27 — one fourth twice (this is obtained by shifting rightward 
2 bit ]) — choose the value j carried out, supply a multiplier 34, carry out multiplication to the multiplier (-2a1-a2+a4) 
from a register 23, it is made to add with the value of ACC36, and a result is incorporated to ACC36 (-a1+a4) is added 
from the LSB side between two above-mentioned addition. Therefore, thereby, the filter result of an operation by the 
operation expression of (5) formulas is obtained from ACC36. 

[0033] Then, after the result of an operation of (10) formulas from the coefficient register 31 was chosen by the 
selector 33, It is 4 0-3Ns) of a multiplier 27 One fourth The doubled value 0-3Ns) is chosen, multiplication is carried 
out to a predetermined multiplier (a1+a2+a3+a4) and (-2a1-a2+a4) one by one with a multiplier 34, and it accumulates 
with ACC37. At this time, the filter result of an operation of (7) formulas is incorporated by ACC37 by adding (-a1+a4) 
from the LSB side. 

[0034] The operation which adds the twice (a1+a2+a3+a4) of the output coefficient of the coefficient registers 30 and 
31 to ACC 36 and 37 here, One fourth of the outputs of a multiplier 27 Since every [ a two cycle ] is required for the 
operation adding twice as many twice (-2a1-a2+a4) as this. Since the operation of (5) formulas and (7) formulas is 
performed alternately with a two cycle every in the period in the first half of each 80kHz period and a filter operation 
is completed by the four cycle in all as typically shown in drawing 3 (C). there is no opening in the operation time. 
Moreover, since the above-mentioned operation of two cycles each is performed by turns, the circuit for an operation 
(34 35) can be shared. They are the result of an operation of the aforementioned (9) formula taken out from the 
coefficient register 30 in the period in the second half of each 80kHz period as follows, and the output of a multiplier 
27 One fourth The doubled value (3N-?j) is chosen, and like the above, according to the operation of a two cycle, as 
typically shown in drawing 3 (C), the filter result of an operation of (6) formulas is incorporated by ACC36. And a 
circuit is stopped in the continuing two cycle. The result of an operation of the whole filter is held and outputted to 
ACC37 in the second half of each of this 80kHz period. 

[0035] Thus, four sigmadelta modulator output a1 -a4 which is continuously inputted in a 4 times as many period as 
an over sampling technique period according to this example In a unit In the period in the first half of each 80kHz 
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period, the filter operation of (5) formulas and (7) formulas is performed alternately [ of the double precision of an over 
sampling technique period ] with a period every. In the period in the second half of each 80kHz period, the double 
precision of an over sampling technique period period-performs the filter operation of (6) formulas, and the period of 
the double precision of the continuing over sampling technique period by repeating stopping operation The digital 
signal with which the filter operation for four taps was performed in the conventional half, and the sampling rate was 
reduced by 80kHz from 15.36 MHz can be outputted. 
[0036] 

[Effect of the Invention] Since it can compare with the former and the amount of operations can be cut down In a 
half, since the filter operation for four taps is made in a two cycle like **** according to this invention, and two filter 
operations can be performed by turns, an arithmetic circuit can be common-use-ized, therefore a circuit scale is 
compared with the former and it can cut down, and from this, even If it is the same frequency of operation as the 
former, it has the feature of being able to reduce power consumption. 
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DESCRIPTION OF DRAWINGS 



.Brief Description of the Drawings] 

.Drawing 1] It is the principle block diagram of this invention. 

.Drawing 2] It is the block diagram of one example of this invention. 

Drawing 3l It is the timing diagram for explanation of operation of drawing 2 . 

Drawing 4] It is the block diagram of an example of the conventional decimation filter. 

Drawing 5] It is the timing diagram for explanation of operation of drawing 4 . 

.Description of Notations] 

1 1 Multiplier Setting Section 

1 2 Coefficient Generating Section 

1 3 Operation Part 
211-214 Flip-flop (FF) 
22 Decoder 

24 25 Counter 

26. 28. 32. 33. 38 Selector 

27 34 Multiplier 

29 Arithmetic and Logic Unit (ALU) 

30 31 Coefficient register 

35 Adder 

36 37 Accumulator (ACC) 
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[Drawing 51 
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